Surface water samples from the St. Lawrence River were collected in order to study the processes controlling minor and trace elements concentrations (Al, Fe, Mn, Cd, Co, Cu, Ni and Zn), and to construct mass balances allowing estimates of the relative importance of their natural and anthropogenic sources. The two major water inputs, the upper St. Lawrence River, which drains waters originating from the Lake Ontario, and the Ottawa River were collected fortnightly over 18 months. In addition, other tributaries were sampled during the spring floods. The output was monitored near Quebec City at the river mouth weekly between 1995 and 1999. Dissolved metal concentrations in the upper St. Lawrence River carbonated waters were lower than in the acidic waters of the tributaries draining the crystalline rocks of the Canadian shield and the forest cover. Biogeochemical and hydrodynamic processes occurring in Lake Ontario drive the seasonal variations observed in the upper St. Lawrence River. Biogeochemical processes relate to biological uptake, regeneration of organic matter (for Cd and Zn) and oxyhydroxide formation (for Mn and Fe), while hydrodynamic processes mainly concern the seasonal change in vertical stratification (for Cd, Mn, and Zn). In the Ottawa River, the main tributary, oxyhydroxide formation in summer governs seasonal patterns of Al, Fe, Mn, Cd, Co and Zn. The downstream section of the St. Lawrence River is a transit zone in which seasonal variations are mainly driven by the mixing of the different water masses and the large input of suspended particulate matter from erosion. The budget of all dissolved elements, except Fe and Zn, was balanced, as the budget of particulate elements (except Cd and Zn). The main sources of metals to the St. Lawrence River are erosion and inputs from tributaries and Lake Ontario. Direct anthropogenic discharges into the river accounted for less than 5% of the load, except for Cd (10%) and Zn (21%). The fluxes in transfer of dissolved Cd, Co, Cu and Zn species from the river to the lower St. Lawrence estuary were equal to corresponding fluxes calculated for Quebec City since the distributions of dissolved concentrations of these metals versus salinity were conservative. For Fe, the curvature of the dilution line obtained suggests that dissolved species were removed during early mixing.
INTRODUCTION
The St. Lawrence River (SLR), one of the largest rivers in the world, drains sub Basins with contrasting lithologies and weather conditions, which are subject to various land uses and other anthropogenic disturbances. This immense region is underlain by carbonated and crystalline rocks and quaternary sea sediments and covered by forest, farms and urban areas (Fig. 1) . Consequently, the chemical composition of the SLR varies from its source (Lake Ontario) to its mouth (Quebec City) (Janson and Sloterdjick 1982; Tremblay and Cossa, 1987; Yang et al., 1996) . The highly carbonated waters characteristic of Lake Ontario are altered downstream by inputs of tributaries, especially the poorly mineralized Ottawa and St. Maurice Rivers, the two main tributaries draining the Precambrian Shield on the north shore, an area largely covered with forests that provide good protection against erosion. On the contrary, the southern tributaries drain urbanized, industrialized and agricultural areas of Paleozoic limestones and the Canadian Appalachians (e.g., Yang et al., 1996) . The main lacustrine feature at the source of the St.
Lawrence (Lake Ontario) is the very low load of suspended particulate matter (SPM). However, inputs of particles from the tributaries of the southern sub-basins and by the adjunct of material from erosion of its banks and bed load change this aspect (Rondeau et al., 2000) . Another effect of the lacustrine regime is seasonal hydrologic stability, which is reinforced by regulation of the flow at the Cornwall dam above Montreal, whereas the tributaries display marked hydrologic regimes. Thus, the diversity of its features makes the SLR a good experimental model for studying the biogeochemical and hydrological processes that control element concentrations in natural waters.
Major ion composition has been largely described for the SLR (e.g., Tremblay and Cossa, 1987; Rondeau, 1993) , and the dynamics of carbon, strontium and sulfur studied (Pocklington, 1982; Yang et al, 1996) . However, little is known about the composition and the behavior of minor and trace elements. Cossa et al. (1990) noted the seasonality of iron and manganese distribution at the river mouth. Only cadmium and mercury chemistry have recently been explored significantly (Lum, 1987; Quémerais et al., 1998; Quémerais et al., 1999; Lalonde et al., 2001 ). Time series are important for understanding reactivity, identifying sources and calculating transport (Shiller, 1997) . In the present study, a time series was obtained for 8 minor and trace metals (dissolved and particulate) at three main stations along the St. Lawrence. Our objectives were to investigate the biogeochemical and hydrological processes that control element concentrations and provides a mass balance budget for the metals studied by identifying sources and estimating the loading to receiving waters.
ENVIRONMENTAL SETTINGS
The St. Lawrence River ranks 15th in the world for mean annual water discharge. It drains a total area of more than 1.3 million km 2 , including the Great Lakes basin, and has a total length of nearly 1200 km between its source at the outlet of Lake Ontario and its mouth into the Gulf of St.
Lawrence (Fig. 1) . The main urban and industrialized areas are located around the Great Lakes and in the Montreal area. The total population of the basin is around 40 million inhabitants, with 5 million in the SLR valley itself, mainly concentrated in Montreal and its suburbs. The fluvial section of the St. Lawrence extends from Cornwall to Quebec City ( Fig. 1 ). In this section, the SLR is composed of two main water masses, the Ontario Lake and the Ottawa River (its main tributary), and also receives inputs from numerous smaller tributaries ( Fig. 1 , Table 1 ).
Tributaries on the north shore make up 10% of the discharge at the river mouth during low water periods, but contribute 55% during periods of high water. The variations in the flow of St.
Lawrence tributaries subsequent to winter snow accumulation and spring thaw is the dominant hydrological event for the river (Table 1) . These variations double river discharge in the Quebec City area during spring snowmelt. Water flow from the Great Lakes is quite stable throughout the hydrological year (Table 1) . Discharge measured at the Cornwall station does not reflect the natural hydrological cycle, but rather the controlled flow of regulated water levels by the three dams (Iroquois, Moses Saunders and Long Sault) between the outlet of Lake Ontario and
Cornwall.
The SLR drains a basin comprising the crystalline rocks of the Canadian Shield on the north shore and clays deposited as Champlain Sea sediments during the last marine invasion on the south shore. While the north shore tributary basins are occupied by forest, the banks of Lake Ontario and the SLR are largely used for agriculture. The chemical characteristics of the waters are highly controlled by the geology of the catchment basins (e.g., Yang et al., 1996) .
Hierarchical cluster analyses, based on major ions concentrations (Bobée et al., 1980; Yang et al., 1996) underlie the typology shown in Table 1 . The three different types of water correspond to the geology of the various catchments. The water of the tributaries draining the Canadian shield (north-shore tributaries) have very low dissolved major ions and high dissolved organic carbon concentrations (Table 1) . Waters from Lake Ontario and the tributaries from the south shore are more mineralized, but differ with respect to their particulate matter content (Table 1) . The upper SLR waters at Cornwall show the typical composition of the Lake Ontario outflow for numerous chemical compounds Yang et al., 1996) . At that point, the waters are crystal clear, since the lake constitutes a sedimentary basin, whereas the south shore tributaries carry high sediment loads. In addition, the bed and banks of the SLR itself are currently eroding and are thought to constitute the largest source of the SPM transported downstream (Rondeau et al., 2000) .
Temporal variations of major elements of the two main water masses, the Ontario Lake and the Ottawa River, are low. Seasonal variations at the mouth of the river are clearly related to changes in the relative contribution of these two main sources during hydrological cycle. For example, the curve for Ca illustrates the variation of concentrations at the mouth of the river, determined by inductively coupled plasma-atomic emission spectrometry (ICP-AES) and Cd by graphite furnace atomic absorption spectrophotometry (GFAAS) after preconcentration (by a factor of 10) by evaporation under a HEPA-filtered laminar flow bench (class 100). Suspended particulate matter samples collected on filtration membranes (0.4 µm) were digested using HNO 3 /HF (2:1 v/v, Seastar) in Teflon reactors (125 o C, 1 h) and analyzed by GFAAS (Cd, Co, Cu, Ni) or ICP-AES (Al, Fe, Mn, Zn). The sampling and analytical methods have been fully detailed elsewhere (Cossa et al., 1996; Dumouchel et al., 1998) . Accuracy for dissolved metals was checked regularly using SLRS-3 (Riverine Water Reference Material for Trace Metals certified by the National Research Council of Canada). For particulate metals, accuracy was determined by analysis of MESS-1 (National Research Council of Canada). The means of the values measured for these certified reference materials were in agreement with the certified concentrations ( Table 2 ). The blank signal was determined using acidified Milli-Q-UV-Plus water (for dissolved metals), which was stored in an identical manner as for samples; unused blank filters were also digested (for particulate metals). As blank for dissolved metals were below detection limits and the methodological detection limits (US EPA, 1984) were used. For particulate metals, detection limits was determined using 3 standard deviations of the blank. Table 2 lists the mean blank trace element concentrations and detection limits.
RESULTS AND DISCUSSION

End-member sources
The end-member sources considered here for the SLR are (1) upper SLR waters at Cornwall, which have the typical composition of Lake Ontario outflow for numerous chemical compounds 8 , (2) the Ottawa River at Carillon, considered as representative of the northshore tributaries , (3) several south-shore tributaries, namely Richelieu, St.
François, Yamaka, and Nicolet Rivers, and (4) an internal particulate matter source constituted by erosion of the SLR bed and banks (Rondeau et al., 2000) . The rivers were sampled during the water year 1995-96: 39 and 42 times throughout the year for the first two stations respectively, between 8 and 15 times for the south-shore tributaries, especially during the spring runoff in 1996. The main chemical characteristics of these waters are gathered in table 1. The eroded material consisted of Champlain Sea sediments with an elemental composition close to that of the earth crust (Table 2) .
Hydrograms and sedimentograms
The Cornwall hydrogram was stable during the sampling period, showing no obvious seasonal variation owing to flow controls exerted by the dams (Fig. 3B ). On the Ottawa River near its confluence with the upper SLR, the hydrogram showed more seasonal variation, despite flow control. South-shore tributaries displayed distinct pulses in spring, corresponding to lag between the snowmelts period of the various catchments.
The concentrations of SPM at Cornwall showed only small seasonal variations (mean = 1.0 mg L -1 , standard deviation = 0.6 mg L -1 , n = 39). Two types of particles were found in Lake
Ontario outflow: organic-rich particles (40 to 70 % by weight) collected in spring 1995 and summer 1996, and less rich particles (8-25 % organic) during other seasons. A statistically significant relationship was observed between POC and chlorophyll a (r = 0.58, n = 39), indicating the increase importance of the algae fraction during warm seasons. These results are quite consistent with the expectation, as the waters originate from the Lake Ontario, which acts as a sedimentary basin with a biologically productive epilimnion during summer.
The Ottawa River showed a mean SPM of 7.3 mg L -1 and much larger seasonal variations (standard deviation = 9.9 mg L -1 , n = 42). During the 1996 spring runoff, SPM reached 60 mg L -1 for a water discharge of 5000 m 3 s -1 (Fig. 3A) . Average organic carbon content was 8.4 %, whereas SPM and water discharge (unlike the results for outflow from Lake Ontario) were covariant with lower organic carbon content (down to 2.4 %) during the 1996 spring runoff.
The south-shore tributaries had the highest mean SPM (around 25 mg L -1 ), but the lowest carbon contents (Table 1 ). Temporal variations of the minor elements exhibited significant seasonal patterns (Fig. 4) . The concentrations of dissolved Mn in the Ottawa River pattern is a particularly striking example,
Minor elements (Al, Fe and Mn)
showing maximum values in winter and minimum values in summer and during the snow-melt period in spring (Fig. 4) the hypolimnion than in the epilimnion. Indeed, it has been determined that the vertical distribution of dissolved Mn in Lake Ontario, despite the ten times lag in concentration levels, shows higher concentrations in epilimnion than deep waters (Nriagu et al., 1996) . The dissolved Al concentrations were too low (< 74 nmol L -1 ) to be detected by standard analytical protocol.
The distribution of dissolved Fe concentrations was quite complex, showing a general tendency to low values in summer (consistent with a biological uptake) and several peaks, especially in spring and fall (consistent with increase in runoff). The particulate phase of Al and Fe, like that of Mn, showed lower concentrations during winter when deep water mixes with the epilimnion.
In summary, the concentrations of Mn, Al and Fe in the main river water sources are governed by the formation of oxyhydroxides and the hydrodynamic forcing of the head lakes.
Trace elements (Cd, Co, Cu, Ni and Zn)
Mean dissolved Cd concentrations in the upper SLR and the Ottawa River (0.07 ± 0.04 and 0.09 ± 0.05 nmol L -1 , Table 2 ) were very similar and comparable to those measured in the southshore tributaries (0.09 -0.10 nmol L -1 ) five years before (Quémerais and Lum, 1997) .
Conversely, the particles from Ottawa River and especially the Lake Ontario were Cd-enriched compared to those from the south-shore tributaries. Mean dissolved low Cu and Zn concentrations were found in the waters from Lake Ontario (10.4 and 4.6 nmol L -1 , respectively), while Co, Cu, Ni and Zn were high in St. François and Yamaska rivers (3.12, 27.8, 35.3 and 19.6 nmol L -1 respectively) which are industrialized and agriculturally active regions. Particulate Co, Cu, Ni and Zn are less variable than Cd from one water mass to another; however, SPM from Lake Ontario tended to be Zn-enriched and Co-and Ni-depleted ( Table 2 ). The Ottawa River is representative of the north-shore tributaries that drain areas of crystalline rock and forest cover in most catchment basins and show high dissolved metal concentrations (with the exception of Ni)
promoted by their complexation with organic matter. Modeling the metal speciation using the complexation constants from Mantoura et al. (1978) , allows to calculate (from the COD and total dissolved metal concentrations) that the organic metal complexes represent a large fraction of the total dissolved for Co, Mn, Ni, Zn, and Cu in Ottawa River.
In Ottawa River, seasonal variations were noted for several metals ( Concentrations of dissolved metals in the upper St. Lawrence River, with the exception of Cd and Zn, which co-varied (R = 0.62) and tended to show high values in winter, were quite stable throughout the 18-month sampling period (Fig. 5) . The aquatic cycle of Cd and Zn are known to be biologically dependent. They are taken up by phytoplankton during the productive months in the epilimnion, then export by the biogenic particles in the hypolimnion, and finally regenerated in deep waters during the mineralization of particulate organic matter. Thus, these two metals generally show higher concentrations in the deep waters than in surface waters, as observed for Cd and Zn in Lake Ontario (Nriagu et al., 1996) . Thus, the type of vertical distribution in Lake
Ontario waters and winter mixing most likely account for the seasonal variations of dissolved Cd and Zn observed downstream in the SLR. Moreover, reported concentration levels in the epi-and hypolimnion (Nriagu et al., 1996) are consistent with our summer and winter values at Cornwall.
For the Ottawa River and south-shore tributaries, particulate concentrations increased (Al, Co) or decreased (Cd, Ni, Zn, Mn) with an augmentation of SPM, reaching a constant concentration levels. The copper concentrations in particles exhibited more complex distributions in these rivers; however, they also tended to match a constant value for the highest SPM levels. The same was observed for Cd, Cu, Ni and Zn in the upper SLR. Rondeau et al. (2000) showed that the high SPM concentrations occurred when high water flow promotes the resuspension of deposited sediments and/or surface runoff involves soil erosion. The resuspended or eroded material shows high Al and Co, and relatively low Cd, Cu, Ni and Zn contents compared to the SPM present in the river during the low water discharge periods.
It is noteworthy that particulate Cd, Cu and Zn in the south-shore tributaries were covariant with particulate Mn, showing correlation coefficients of 0.58, 0.60 and 0.62 respectively, suggesting a control of these three trace elements by Mn.
River mouth
The data series presented here concern 190 water samples collected at Quebec City between April 1995 to March 1999.
Hydrogram and sedimentogram
Hydrogram at Quebec City indicated that large variations occur in tributary catchment basins during spring snow-melt (Fig. 3E) . Water from Lake Ontario accounted for only 19% of discharge at the river mouth during spring flood periods, but 82% during low-water periods (Fig.   3D ). Spring high discharge Quebec City continues for two months because of the lag times between flood peaks in north-and south-shore tributaries.
SPM concentrations at Quebec City were directly dependent on variations in water discharge (Fig. 3E ). They were much higher than those at the end-member sources because of the huge amount of material eroded from the bed and banks of the river, averaging 60% of the suspended load at the mouth of the River (Rondeau et al., 2000) . The lowest concentrations were observed in winter (3 à 4 mg L -1 ) when the proportion of water from Lake Ontario was maximum (> 80%).
Consistently with the POC average concentrations in the main water masses (Table 1) , the POC content at Quebec City was inversely correlated with the SPM, constituting 1% of SPM during spring runoff and 20% during periods when the proportion of water from Lake Ontario was maximal. The seasonal variation in relative proportions of water masses from end-member during hydrological cycle accounted for the concentrations and seasonal patterns for dissolved minor elements (Fig. 3D) . The proportion of water from tributaries made up 81% of the discharge at the river mouth during spring flood periods, but 18% during low-water periods. The seasonal patterns of dissolved Mn, Fe and Al (Fig. 6 ) at the mouth of the SLR were very similar to those of the water sources (Fig. 7) . The relationships between dissolved Mn and the proportion of water from tributaries were highly significant (correlation coefficients of 0.72). The key factors accounting for seasonality at the river mouth were the large differences in the concentrations for the dissolved minor elements between the Ottawa River (higher) and the upper SLR (lower) and the hydrologic stability of the main flow from Lake Ontario as compared to the marked hydrologic regimes of tributaries. Unlike major elements (Fig. 2) , dissolved Fe and Mn showed a dilution line influenced by seasonality for the tributaries. Fe and Mn concentrations in the Ottawa
Minor elements (Al, Fe and Mn)
River show lower concentrations in summer and early fall than in winter and spring (Fig. 8) , which correspond to the oxyhydroxides precipitation previously described. Low Fe and Mn concentrations are associated with high Ca in the upper SLR water (Fig. 8) . The dilution of Ottawa River with upper SLR waters account for the intermediate concentrations measured at the mouth of the river (Fig. 8) . Highest concentrations of dissolved Mn correspond to snow-melting during high discharge from south-shore tributaries in winter and spring.
Trace elements (Cd, Co, Cu, Ni and Zn)
Trace elements, unlike minor elements, showed no large difference between the two endmembers and consequently a slighter dilution effect. However, seasonality of trace metals at the river mouth could relate to that of source end-members. Dissolved Zn displayed a seasonal pattern similar to that of dissolved Mn (Fig. 6) , i.e. associated with dilution of water masses with a larger monthly amplitude (Fig. 7) . Dissolved Cd, Ni and Co showed maximum values during winter, minimum values in summer and steadily increasing concentrations in fall. The seasonal pattern of Cd at the river mouth was the same than the upper St. Lawrence River. Dissolved Cu exhibited great variability in spring in relation to high flows of north-and south-shore tributaries.
Particulate Ni, Co and Zn concentrations were stable throughout the sampling period (Fig. 6) and did not exceed twice the values of the earth's crust (Table 2) . These metals showed no relationship with SPM, and concentrations were very similar to those found in material eroded from the bed and banks of the river (Table 2) , which constitute a large part of the suspended load at the river mouth (Rondeau et al., 2000) . Particulate Cu and Cd showed slightly higher values in winter when POC content at the river mouth was maximum.
Mass balances
The relative importance of the main metal sources in the St. Lawrence was estimated by a mass balance budget in the sector stretching from Cornwall to Quebec City for the 1995-1996 period. This budget was based on flux estimates derived from samples collected during that period and from published loads (Table 3) Table 3 ).
The budget summarizes the relative importance of metal sources in the river. The Lake Ontario, which provides most of the discharge to the river (> 60%), are also the main source of dissolved trace elements, but a small source of minor elements (< 20%). As expected because of the very low SPM concentrations in the upper St. Lawrence River, the Lake Ontario constitutes a minor source of particulate metals, representing less than 5% of the load to the SLR. The Ottawa River and other tributaries are major sources of dissolved and particulate metals to the SLR (~ 40%). Particulate matter contributed more than 80% of the load at the mouth of the river for Al, Fe, Mn, Co, and Zn and more than 50% for the other elements in this study. With the exception of Cd and Zn, more than 80% of the total and dissolved load of metals at the outlet of the SLR can be explained by the different sources considered. Within the estimated uncertainty, the budget of all dissolved elements, except Fe and Zn, was balanced, as was the budget of particulate elements, except Cd and Zn. The main sources of metals to the River are erosion, tributaries and the Lake Ontario. The budget is not balanced for Fe because of missing tributary data and shows an output surplus of Cd and Zn, which can only be attributed to unidentified internal sources.
The metal budget closely reflects the water and suspended sediment budget and is consistent with seasonal variations observed at the river mouth. The amounts of metals at the river mouth are strongly governing by dilution effects of waters from the Lake Ontario (dissolved minor elements) and erosion (particulate elements). With the exception of Cd and Zn, these amounts are mainly attributable (30 to 50%) to marine clays eroded from the bed and banks of the St. Lawrence, constitute the largest component of the river sediment budget (Rondeau et al., 2000) and makes a significant contribution to the metal loads transported by the river.
Metals known to be rejected directly to the river by anthropogenic sources accounted for less than 5% of the load observed at Quebec City, except for Cd rejects that comprise 10% of the load. An important fraction (16%) of the Zn comes from atmospheric sources directly into the river, while 21% is left unexplained and is suspected to be attributable to anthropic (unknown) sources.
SUMMARY AND CONCLUSIONS
The chemistry of river water is controlled primarily by the weathering of different lithologies and their related soils and biomass, and secondarily by anthropic inputs. The longer residence time of waters in Lake Ontario than other water sources of the St. Lawrence River promotes the metal impoverishment in the dissolved phase of the water column as a result of metal scavenging by particles and their subsequent sedimentation. Indeed, metal concentrations in the upper St.
Lawrence River are generally lower than in the tributaries and the input of particulate metals is negligible (load < 5%). The Ottawa River is representative of the north-shore tributaries that drain areas of crystalline rock and forest cover in most catchment basins and show high dissolved metal concentrations (with the exception of Ni) promoted by their complexation with organic matter. The south-shore tributaries exhibit some high metal concentrations, possibly due to anthropogic activities in their basins. With the exception of these tributaries, dissolved metal concentrations in the SLR are comparable to levels found in only slightly contaminated bodies of water and often approached «pristine» levels (Table 2 ). Recorded anthropic sources accounted for less than 5% of the load observed at the river mouth, except for Cd rejects that comprise 10% of the load. Moreover, 21% of the Zn load is unexplained and probably attributable to unidentified anthropic sources. Particulate metals, with the exception of Zn, are relatively low and coming
close to values for the earth's crust during floods and especially at the river mouth where inorganic particles from erosion of the SLR bed and banks constitute more than 45 % of the SPM and metals load.
The interaction between hydrological cycles and chemistry controls seasonality. This classical paradigm applies to the different waters masses of the SLR studied here. 
APPENDIX: METAL FLUXES CALCULATIONS
Dissolved metals
Sampled fluxes
Dissolved metal loads were calculated as averages, weighed by flow (F 4 from Meybeck, 1992) :
Where C i and Q i are sampled concentrations and discharges respectively, and Q t is the total flow for the whole year. Standard error estimations neglect flow measurement errors and assume independence between concentration measurements :
This last assumption was not entirely met in cases where most samples were taken during the spring freshet. This may have led to an underestimation of the error for these cases. On the other hand, the concentration variance is greater during that time of the year, thus the combined effect of the sampling plan and our estimation method probably yields fairly conservative dissolved load estimate errors.
Unsampled tributaries
The dissolved metal contribution to the budget from smaller rivers was estimated from the overall specific yield of sampled tributaries located on the same shore. Variance estimates from sampled rivers were multiplied by factors reflecting these extra contributions to the budget.
Particulate metals
The metal flux carried by suspended particles increases almost proportionally with the concentration of suspended matter. The composition of the particles may also vary, as the relative contributions from various erosion sources change with hydrological conditions. The simple load estimation models that follow attempt to capture both phenomena together.
Most relationships were modeled by power functions. The model parameters were estimated by least squares on the log scale and back-transformed to the original scale with the smearing estimate correction (Duan, 1983) . Standard error calculations on the loads derived from these models followed Gilroy et al., 1990 .
Sampled fluxes
When enough data was available, the relationship between metal concentration in water and flow was established by regression, daily values were calculated from known discharge rates, and the corresponding fluxes were summed over the entire year. Otherwise, the loads were estimated as weighed averages, in the same way as for dissolved metals. Iron and copper in the Yamaska River were special cases. The load estimates for these two metals were established using their average concentration in the SPM because the relationship between water concentration and discharge was very much influenced by one of the four SPM observations available. 
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Unsampled tributaries
The SPM metal contribution from unsampled rivers was estimated by assuming that their specific yield was the same as neighboring rivers. On the North shore, the overall specific yield of the Ottawa and Saint-
Suspended matter
The suspended particulate matter (SPM) budget was calculated from rating curves at all sources and from daily turbidity measurements at the mouth of the River (Table 2 ). The contribution from smaller tributaries was set to 30 t yr -1 km -2 , with a CV of 25 %. Hydrological data are from Rondeau et al. (2000) , and chemical data are from Cossa et al. (1998) and Yang et al. (1996) . Tributaries data are weighted means for the following rivers: Ottawa, St. Maurice, L'Assomption, Batiscan, St. Anne and Jacques Cartier, which represent 96 % of the north-shore water flow; and Chateauguay, Richelieu, St. François, Yamaska, Nicolet and Chaudière, which represent 95 % of the south-shore tributaries. (a) 65 % of the suspended particles outflowing at Quebec City originate from erosion of the SLR bed and banks (Rondeau et al., 2000) . Simonetti et al. (2000) ; d : Total deposition (wet and dry) was estimated in Bergeron and Poissant (2000) and Simonetti et al. (2000) . Direct deposition values were estimated using a surface area of 1.74 x 10 9 m 2 of the SLR; e : Based on data from MUC (Montreal urban community) and CERS (Centre d'épuration de la rive Sud) effluent. The total load of MUC effluent was estimated by Deschamps et al. (1998 
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